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ABSTRACT 

We  discuss  observations  of  the  flare  of  18:28  UT,  1975  August  10  made  with  the  Sacramento  I’eak 
Observatory  512  diode  array,  which  simultaneously  measures  photospheric  magnetic  fields,  photo- 
spheric  and  chromospheric  velocities,  and  chromospheric  brightness  in  several  lines.  The  observa- 
tions suggest  triggering  of  the  flare  by  emergence  of  new  magnetic  flux,  as  well  as  the  geometry  of  the 
reconnected  field  during  the  flare.  We  discuss  the  implications  of  our  observations  regarding  the  site 
of  the  initial  instability,  as  well  as  the  relationship  to  X-ray  observations. 

Subject  headings:  Sun:  flares  — Sun:  magnetic  fields 


i.  introduction 

The  observations  discussed  in  this  paper  are  of 
particular  interest  because  they  confirm  and  extend 
many  aspects  of  a recent  empirical  flare  model.  This 
model,  the  emerging  tlux  model,  has  been  discussed  by 
Canfield,  Priest,  and  Rust  (1974)  and  Heyvacrts, 
Priest,  and  Rust  (1976),  called  Papers  I and  ii  below. 
The  emerging  flux  model  incorporates  a specific  sequence 
of  events  in  a model  of  a typical  flare.  This  sequence  is: 
First,  a new  magnetic  field  emerges  below  an  existing 
active-region  neutral-line  field  system.  (Rust  1975  has 
recently  reviewed  the  observational  evidence  for  the 
emergence  of  such  new  flux  in  the  typical  evolution  of 
active  centers.)  Once  this  new  field  emerges,  a quiescent 
current  sheet  forms  between  the  existing  and  emerging 
field  systems.  At  some  point  an  instability  sets  in,  and 
rapid  reconnection  between  the  two  field  systems  ensues. 
This  causes  rapid  heating  and  particle  acceleration  along 
the  field  lines  of  both  systems.  As  a result,  the  chromo- 
sphere initially  brightens  at  three  points.  Two  of  the 
three  initial  chromospheric  brightenings  occur  at  the 
foot  |K)ints  of  reconnected  field  lines  in  the  old  neutral- 
line field  system  (see  Paper  I,  Fig.  1 or  Paper  II,  Fig. 
6).  The  third  initial  chromospheric  brightening  is  in  the 
emerging  flux  region.  The  structure  of  this  brightening 
has  not  been  resolved  previously,  but  such  an  observa- 
tion is  reported  below.  For  further  detail,  we  refer  the 
reader  to  Papers  I and  II. 
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11.  OBSERVATIONS 

We  report  observations  of  the  flare  of  1975  August 
10,  18:28  UT  which  took  place  in  McMath  region  1.1790 
at  apparent  longitude  W 18  and  latitude  N 08.  These 
observations  were  obtained  by  the  so-called  flare-trap 
program,  which  uses  the  512  diode  array  (Dunn,  Rust, 
and  Spence  1974;  Rust  and  Bridges  1975)  in  the  echelle 
spectrograph  of  Sacramento  Peak  Observatory’s  vac- 
uum tower  telescope  (Dunn  1969, 1971).  This  instrument 
|>ermits  the  essentially  simultaneous  digital  measure- 
ment of  intensity,  velocity,  and  longitudinal  magnetic 
field  with  high  tem|x>ral  resolution  and  moderate 


spatial  resolution.  The  data  base  of  the  present  event 
consists  of  digital  measurements  every  15  s over  an 
area  2X2  arc  minutes  with  2 X 2 arc  second  spatial 
resolution  of  (1)  intensity  of  Ha.  line  center,  Ha  + 
0.6  A,  Ha  - 1.2  A,  Fe  i X8468  (g  = 2.5),  Fe  i X5576 
(g  = 0),  Ua  ti  X8542,  He  i X10830,  X10830  ± 0.6  A,  and 
X10830  — 1.6  A;  (2)  longitudinal  magnetic  field  in  the 
photosphere  derived  from  the  wings  of  Fe  i X8468;  (3)  ve- 
locity derived  from  F'e  i X5576,  Ha,  and  He  i X10830.  Our 
data  on  this  event  cover  the  time  intervals  15:49:45  to 
16:00:45  UT  and  18:28:00  to  19:58:00  UT.  The  inter- 
ruption was  caused  by  clouds,  which  precluded  observa- 
tions of  the  immediate  preflare  motions  and  perhaps 
the  first  15  s of  the  Ha  flare. 

a)  Emerging  Magnetic  Flux 

We  now  consider  the  observational  evidence  for 
emerging  magnetic  flux.  The  top  row  of  Figure  1 
(Plate  L8)  compares  the  sunspot  intensity  pattern  at 
15:49:45  UT  with  that  at  18:28:00  UT,  near  the 
beginning  of  the  Ha  flare.  Many  evolutionary  changes 
in  spot  structure  can  be  seen.  Among  them,  the  most 
pronounced  is  indicated  by  the  arrow  in  the  18:28 
image.  Just  left  of  the  arrow  is  a sunspot  that  was 
absent  at  15:49:45.  Reference  to  the  simultaneous 
magnetogram  in  Figure  1,  row  2,  shows  that  this  s|x>t 
has  black  polarity.  To  the  left  of  this  s[>ot  is  a complex 
of  spots  of  white  polarity.  Comparison  of  both  the 
magnetograms  and  the  spot  intensity  structures  shows 
that  this  area  also  grew  in  size  between  15:49:45  and 
18:28:(X).  Together,  these  two  areas  appear  to  play  the 
role  of  the  emerging  flux  envisioned  in  Papers  1 and  II. 
That  the  magnetic  flux  has  increased  in  this  region  is 
clear  from  the  data  presented  in  Figure  1.  Furthermore, 
this  increase  has  taken  place  in  an  area  straddling  a 
neutral  line;  the  relationship  between  the  Ha  flare  and 
magnetic  neutral  lines  will  be  discussed  below.  Here  we 
only  wish  to  point  out  that  a rather  well-defined  neutral 
line  exists,  running  nearly  vertically  in  the  upper  part 
of  Figure  1,  but  it  becomes  much  more  complex  near 
the  site  of  the  emerging  flux.  The  tendency  for  flares  to 
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occur  in  complex  magnetic  regions  is  a well  documented 
observational  fact  (Rust  l‘>75). 

b)  Three  Point  Initial  Brightening  anil  Loops 

Next  we  turn  to  the  evidence  for  occurrence  of  the 
initial  brightening  at  three  points.  We  have  no  observa- 
tions in  the  interval  1(>:()1  to  18:27  l.'T,  due  to  clouds. 
I'seful  observations  began  again  at  18:28  IT.  At  this 
time  the  Ha  tlare  appears  to  have  just  begun.  In  the 
Ha  intensity  image  (Fig.  2 [PI.  L9|,  ro«'  1)  at  18:28. 
the  three  brightest  points  are  indicated  In  arrows. 
These  three  initial  brightenings  can  also  be  located  in 
both  the  simultaneous  Ha  red-wing  images  (row  2)  and 
velocity  images  (row  3),  being  dark  in  the  latter. 

In  Papers  I and  II  it  is  promised  that  the  three 
initial  bright  points  observed  in  the  Ha  in  this  flare,  as 
well  as  in  many  others,  are  a consequence  of  the  geo- 
metric structure  of  the  two  different  field  systems  that 
are  being  reconnected  in  the  flare.  In  this  flare,  the 
upper  and  lower  brightenings  are  thought  to  be  the 
chromospheric  foot  points  of  lines  in  the  existing  active 
region  neutral  line  field  system.  The  central  brightening 
is  in  the  emerging  flux  region  identified  above  in  § I la. 
These  features  are  compatible  with  the  geometry  of  the 
field  proposed  in  Papers  I and  II,  to  which  the  reader  is 
referred  for  further  detail. 

The  middle  brightening,  associated  w ith  the  emerging 
flux  region,  is  of  particular  interest.  In  the  Ha  image  at 
18:28  it  is  the  largest  and  brightest  of  the  three  initial 
bright  points.  However,  in  the  Ha  red-wing  intensity 
image  it  is  much  more  unique.  It  appears  to  be  mar- 
ginally resolved  into  an  arcade  of  small  loops,  whose 
shape  resembles  that  of  a “quonset  hut,”  and  whose 
longitudinal  axis  is  nearly  vertical.  The  arcade  is 
probably  composed  of  several  loops,  not  individually 
resolved,  whose  projected  dimensions  may  be  inferred 
from  the  lower  end  of  the  arcade  to  be  about  4-6  arc 
seconds  in  thickness  and  12  14  arc  seconds  in  length. 
The  entire  arcade  in  projection  fills  an  area  with  vertical 
and  horizontal  dimensions  of  30  by  12  14  arc  seconds; 
we  identify  the  latter  with  the  length  of  the  individual 
loops.  The  loops  appear  to  connect  the  white-jwlarity 
part  of  the  emerging  magnetic  flux  region  with  isolated 
pieces  of  dark  polarity  to  its  left.  The  loops  are  brightest 
at  their  tops,  where  bright  knots  of  size  about  4 arc 
seconds  appear. 

The  velocity  images  derived  from  both  Ha  and 
X 108.30  also  show  the  loops.  Only  the  Ha  velocity  is 
show  n here,  in  Figure  2,  row  3.  The  loops  can  be  seen 
as  dark  features  at  18:28.  In  such  velocity  displays, 
which  are  formed  by  subtracting  wing  intensities,  there 
is  always  an  ambiguity  in  the  sign  of  the  velocity;  a 
dark  feature  may  be  due  to  a blueshifted  absorption 
feature  or  a redshifted  emission  feature.  Examination 
of  the  actual  blue-wing,  line-center,  and  red-wing 
intensity  distributions  helps  resolve  this  uncertainty. 
We  tentatively  conclude  that  the  loops  are  a redshifted 
emission  feature.  It  is  of  interest  below  that  the  entire- 
loops  are  seen  in  the  velocity  image,  not  just  the  foot 
jxiints  at  the  bottom  of  the  l<x>ps. 

The  emission  loops  are  very  short-lived.  They  are 


rapidly  lost  in  the  widening  flare  region,  and  are  no 
longer  visible  after  18:30.  More  recent  diode  array 
observations,  not  yet  reduced,  imply  that  such  loops 
may  be  quite  common,  but  may  he  observable  only 
with  at  least  moderate  spatial  (2"  X 2")  and  temporal 
(30  s)  resolution  in  addition  to  off  hand  capability  in 
I la  or  X 10830  and  the  proper  aspect  angle.  ( >ur  observa- 
tions indicate  that  both  temporal  resolution  and  off 
band  capability  are  particularly  important. 

HI.  DISCUSSION 

We  interpret  these  observations  in  the  following 
manner,  consistent  with  the  emerging  flux  model:  New 
flux  emerges  near  an  active-region  neutral  line  field 
system.  Reconnection  occurs  between  the  emerging 
field  system  and  the  older  field  system.  This  reconnec- 
tion region  is  then  common  to  both  systems.  Material 
is  heated  to  chromospheric  temperatures,  or  cools  to 
chromospheric  temperatures,  in  parts  of  both  the  new 
system  (the  bright  loops)  and  the  old  system  (the  entire- 
brightening  along  the  neutral  line,  starting  with  the 
upper  and  lower  initial  brightenings).  Later  in  the  tlare, 
reconnection  involves  much  more  of  the  old  system, 
hence  the  brightening  all  along  the  neutral  line,  where 
the  old  field  system  intersects  the  chromosphere. 

Aside  from  the  fact  that  this  flare  shows  many  of  the 
observational  features  incorporated  into  the  emerging 
flux  model,  we  wish  to  single  out  two  salient  aspects  of 
the  observations:  (a)  their  implications  concerning  the 
location  of  the  initial  instability,  and  (6)  the  similarity 
between  the  observed  Ha  loops  and  recently  reported 
loops  seen  in  soft  X-rays. 

a ) The  Site  of  the  Initial  Instability  anil 
Reconnection  Region 

In  the  emerging  (lux  model  it  is  proposed  that 
reconnection  begins  at  the  interface  between  existing 
and  emerging  field  systems.  The  primary  observational 
evidence  for  this  is  the  three-point  initial  brightening. 
The  present  observation  provides  another  piece  of 
evidence.  The  location  of  the  loops  observed  at  18:28  is 
near  the  edge  of  the  emerging  flux  region.  Our  interpre- 
tation is  thus  that  these  loops  outline  magnetic  field 
lines  connected  to  one  polarity  of  the  emerging  field 
system,  after  reconnection.  An  interesting  observation, 
in  our  view,  is  that  the  entire  loops  are  redshifted, 
apparently  moving  downward  as  a whole.  This  is 
compatible  with  the  emerging  flux  model,  since  these 
loops  are  envisioned  to  be  below  the  reconnection  region. 
The  new  implication  is  that,  whereas  the  material 
above  the  reconnection  region,  which  is  often  but  not 
always  the  site  of  a filament,  moves  upward  in  the 
initial  stages  of  a flare,  the  material  below  the  reconnec 
tion  region — the  loops  in  this  case — moves  downward. 
This  is  consistent  with  the  idea  that  the  pressure 
increase  due  to  heating  in  this  reconnection  region  is 
causing  motions  away  from  the  region,  forcing  overlying 
material  upward  and  underlying  material  downward. 

On  the  basis  of  several  arguments,  Svestka  (ll>73) 
argues  that  the  height  of  the  flare  origin  is  approximate- 
ly 4(KK)  7(KXI  km  above  the  photosphere.  This  is  in  good 
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agreement  w it h our  observation,  whieli  plans  the  flare 
origin  at  the  top  of  the  loops,  or  about  5000  km  height . 
assuming  an  intimation  of  about  15  between  the  plane 
of  the  loops  ami  the  line  of  sight. 

b ) Relationship  to  I'rrcionsly  Observes!  V A’uv  /.oops 

Soft  X ray  emission  from  this  llart-  was  detected  b\ 
SMS  1 links,  in  both  11.5  1 \ and  1 S \ bands  (Solar 
Geophysical  Data  1075).  In  the  1 X A band  emission 
began  at  18:24  I T.  The  flux  reached  a maximum  value 
at  18:52,  1.5  orders  of  magnitude  greater  than  its  initial 
value.  Our  observation  of  Ha  loops  falls  centrally  in 
the  rising  period  of  the  soft  X rays.  Most  of  the  con 
trihut  ion  to  the  soft  X rays  usually  detected  in  flares  is 
known  to  come  from  loops  (Vorpahl  el  al.  1075  . The 
X ra\  emission  observed  therefore  strongly  implies  that 
X-ray  loops  existed  at  the  same  time  as  the  Ha  loops. 
According  to  Vorpahl  et  al.  (1975),  these  loops  have 
characteristic  lengths  in  the  range  5 20  arcsec  and 
widths  of  5 10  arcsec,  essentially  identical  to  the  12  14 
arcsec  length  and  4 6 arcsec  thickness  of  the  Ha  loops 
observed  here. 

It  therefore  seems  likely  that  two  quite  different 
types  of  geometric  relationships  exist  between  the 
volumes  emitting  in  X-ray  and  Ha.  In  one  case,  as 
envisioned  in  the  emerging  flux  model  and  that  of 
kahler,  Fctrasso,  and  Kane  (1976),  based  on  X rav 
data,  Ha  is  bright  only  at  the  foot  points  of  loops  that 
are  visible  over  a considerable  fraction  of  their  length 
in  X-rays.  In  our  view,  this  may  be  responsible  for  the 
upper  and  lower  initial  brightenings  in  Ha  in  the  present 
observations,  as  well  as  in  two  pairs  of  bright  |>oints  in 
Ha  observed  between  18:45  and  19:05  UT. 

On  the  other  hand,  a different  relationship  between 
X rays  and  Ha  is  suggested  for  the  loops.  Here  the 
fact  that  the  scale  of  the  Ha  loops  is  so  similar  to 


previously  observed  X ray  loops  suggests  that  the 
I la  and  X ray  loops  might  be  adjacent  or  concentric 
tin v tubes,  at  low  and  high  temperatures,  respectively. 
In  this  pii  tore  we  envision  the  lla  loops  as  having  once 
been  hot,  and  subsequently  having  cooled  down  to  Ha 
emitting  temperatures,  having  been  disconnected  from 
the  reconnection  region,  the  heating  source.  Alterna- 
tively, they  may  be  loops  that  were  reconnected  very 
early  in  the  reconnection  process,  never  having  been 
heated  appreciably  above  typical  c hromospheric  tem- 
peratures. 

e)  l•lltllrc  Directions 

The  present  observations  suggest  that  the  tempera- 
ture structure  along  the  magnetic  field  lines  that  define 
the  initial  Her  loops  may  be  quite  different  from  that 
along  the  field  lines  that  connec  t the  reconnec  tion  region 
to  the  upper  and  lower  initial  chromospheric  brighten- 
ings. For  instance,  the  observed  Her  loops  may  no  longer 
have  an  important  heating  source  anywhere  along  the 
loops.  On  the  other  hand,  the  upper  and  lower  initial 
brightenings  may  still  be  connected  to  the  heating 
source,  so  that  heating  by  nonthermal  particles  or 
conduction  from  hotter  parts  of  the  loop  may  play  an 
important  role.  It  would  then  be  of  considerable 
interest  to  have  observed  line  profiles  for  strong 
chromospheric  and  transition  region  lines,  with  sufli- 
cien!  spatial  information  to  distinguish  the  two  different 
structures  discussed  above.  Theoretical  modeling  efforts 
on  the  temperature  and  density  structure  of  these  two 
different  situations  would  give  some  idea  of  what  one 
might  expect. 
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I n.  I Observations  of  the  quasi  continuum  intensity  near  Mr*  (/«>/>  row  i and  longitudinal  magnetic  held  hott«m  r before  15  1*>  4s* 
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(Geophysics  Laboratory  photograph.) 
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I- io.  1 Ron  I.  I Irr  line  center  intensit\  Ron  J,  intensity  in  the  red  wing  of  H«,  0 6 \ from  line  center.  Ron  velocity  derived  from  the 
wings  »»f  ||«,  f 0.6  A from  line  center  Ron  I,  He  M0H50,  subtraction  of  nearby  continuum  from  line  center  intensity  (hence  the  disappear 
ante  <»f  sunspot  structures)  Column  I,  15:40:45  I T;  Column  J,  18:28:00  r i',  Column  18:51:00  l’'!'  (Sacramento  Peak  Observatory, 
Air  f orce  (ieophysics  Laboratory  photograph  ) 
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